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ABSTRACT 
There is a documented difference m blink rates between men 
and women. In this project, blink rates of both men and women 
were recorded in a non-visually stimulating environment. We found 
that men and women did in fact blink at different rates, and, upon 
further investigation, we found that blink rates of women varied 
significantly with the use of birth control pills. This paper examines 
this relationship between blinking and its possible link to hormone 
levels. 
INTRODUCTION 
Blinking is the process of closing the eyelids as a reflexive 
reaction, a voluntary act, or in a spontaneous rhythmic activity. In 
the closing of the lids, the tears covering the exposed eye area are 
dispersed into an even sheet called the tear film. Just as we do not 
think about breathing, and yet we breathe continuously to survive, 
we blink spontaneously without thought. 
Spontaneous blinking must be separated from reflex blinking 
which is a reaction to an environmental change. In reflex blinking, 
stimuli such as loud noises, touching the lashes, conjunctiva, or 
cornea, or the sudden approach of an object will elicit rapid blinking 
of both eyes as a mechanism for protection. This type of blinking 
may be divided into tactile, optic, and auditory reflex blinking. It 
has also been observed that contact lens wearers, particularly those 
who wear more rigid materials, often experience a reduction or 
diminution of tactile reflex blinking. (Adler, 8th edition) 
In contrast, spontaneous blinking occurs continuously at 
regular intervals during the waking hours. It occurs without any 
obvious stimulus, including response to tear film dehydration, since 
the rate most often exceeds that required to maintain even hydration 
of the eye's front surface. During the first few months of life, infants 
do not spontaneously blink. Even so, no damage or suffering is 
incurred by ocular dryness. However, blink rate will increase due to 
excess tear formation. (Adler, 8th edition) 
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FACTORS AS SOCIA TED WITH BLINKING 
The factors associated with blinking can be explored in order to 
provide a more complete understanding of why this ongoing process 
occurs. These factors include the lids and the tear film secreted by 
the them, and the muscles and nerves serving the lids. The purpose 
of the eyelid is to protect the eye and its optical system. The lid 
defends this system in different ways. The cilia have a sensing and 
screening function for the eye. There are 100 to 150 lashes on the 
upper lid margin, and 50 to 75 on the bottom. At the base of each 
cilia is a nerve plexus with a very low threshold of excitation. Slight 
touch of cilia is enough to stimulate the nerve plexus and elicit a 
blink. 
The lids are covered by skin that is thinner than that of any 
other part of the human body. This increases ability to rapidly open 
and close the fissure. 
TEARS 
The tear film of the eye consists of three components: the oily, 
the lacrimal, and the mucoid layers. The oily layer, supplied by the 
Meibomian glands, and, to a lesser extent, the accessory glands of 
Zeis and Wolfring, is the most superficial layer and is important in 
maintaining even coverage of tears on the eye. It decreases the risk 
of excess tear evaporation or epiphora. Normally, a quarter of the 
tears is lost to evaporation, with the remaining volume drained 
through the lacrimonasal system after blinking projects it toward the 
punctae. Absence of this oily layer would increase the normally low 
rate of tear evaporation by 1000 to 2000%. 
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The middle layer is formed of lacrimal fluid, secreted by 
lacrimal gland and the accessory glands (Krause). It is substantially 
thicker than the oily layer. It supplies glucose, urea, salts, and other 
nutrients to maintain corneal function. The most posterior layer is 
the mucoid, secreted by goblet cells m the conjunctiva. This layer 
allows adherence of the tear film to the eye itself. (Adler, 8th 
edition) Blinking causes the tear film to be spread evenly over the 
eye. This forms the first element in the eye's refractive system. 
Without it, visual clarity would be significantly compromised because 
of the induced refractive error. 
The lids also protect the eyes is through by secreting part of 
the tears film supply. Large sebaceous glands, known as Meibomian 
glands, secrete the oily layer of the tear film. Approximately thirty 
of these glands exist in each tarsus, and the openings can be seen 
along the lid margin. Mild pressure at the margin with eversion of 
the lid will cause sebum material to be expelled. Also in the lids are 
the accessory lacrimal glands known as the glands of Krause and 
Wolfring. These assist the lacrimal gland, located superiorly and 
temporally to the eye, in the secretion of the lacrimal layer of the 
tear film. 
BLINK MECHANISMS: NERVES AND MUSCLES 
Probably the most important defensive mechanism of the 
eyelids is the ability to physically close the eye off from its 
environment. Three sets of muscles are involved in this process: the 
orbicularis oculi, the levator palpebrae superioris, and the Muller 
muscle. The striated muscle involved in the blink process is the 
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orbicularis oculi, which is the sphincter of the eyelids. The 
orbicularis is supplied by the seventh cranial nerve (facial). This 
muscle consists of two main portions (palpebral and orbital) which 
not only infiltrate the lids, but also extend to the cheeks, forehead, 
and temples. The palpebral division serves the lids with fibers 
extending from the medial palpebral ligament and neighboring bone 
to the lateral canthus where the fibers meet in the lateral palpebral 
raphe. The orbital portion is the sheet of muscle fibers spreading to 
the forehead, cheek, and temple. The action of the palpebral muscle 
results in closure of the palpebral fissure during involuntary 
blinking. 
Elevating the eyelids occurs chiefly through contraction of the 
levator palpebrae superioris, a smooth muscle. The tendon of the 
levator inserts into the skin after traveling with orbicularis muscle 
bundles, and a few fibers insert into the tarsal plate. Smooth muscle 
fibers of Muller's muscle insert into the superior margin of the 
tarsus, and assist in elevation. These are innervated by the 
sympathetic nervous system. The lid is raised by the tonic action of 
the levator palpebrae, which is innervated by the third cranial nerve 
(oculomotor). The Mueller's muscle also assists in the upward 
movement of the lid. The process of blinking is achieved when the 
nervous system allows the shut down of the levator palpebra's tonic 
activity, and the orbicularis oculi has a sudden burst of action in 
order to cause the rapid blink. When the orbicularis oculi action 
ceases, the lid is raised by the resumed tonic activity of the levator. 
(Adler, 8th edition;Wolff, 1976; Evinger, et. a1. Feb 1991) 
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The eyebrows remam stationary during the act of blinking. 
The orbicularis is involved in the action of depression when forcibly 
closing the lids. The frontalis muscle is used to cause elevation of the 
brows. The corrugator supercilii draws the brows together in 
frowning. The eyebrows are supplied by the facial nerve, and 
paralysis of this nerve will cause the affected brow to be lower than 
the unaffected side. 
The unique innervation of the lids allows for the rapid closure 
observed with blinking. Evinger, et. al., demonstrated that all blinks, 
regardless of origin or type, display a similar pattern; the downward 
phase of the blink is faster than the upward phase. An example 
shows that 60 msec are required for an average 30° down phase, 
while 180 msec are necessary for the upward motion of the same 
angle. 
CAUSES OF BLINKING 
Why do we blink? As demonstrated, the act of blinking plays 
various roles in the physiological function of the eye. The dispersion 
of the tear film resulting from blinking allows the tears to spread 
across the eye and nourish the cornea, and conjunctiva. In the 
sweeping motion, the cornea is also cleaned, both of debris and 
discarded metabolites, which are disposed of through the punctae by 
a pumping action which occurs during the blink process. The zipper 
action of the blink results in excess tears and debris being moved 
toward the punctae as the lids close temporally to nasally. The blink 
causes a negative pressure in the punctae so that tears are pulled 
into these exits as the lids are opened following the blink. 
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Lid closure obviously can play a very important role in 
physical protection of the eyes by becoming a barrier to threatening 
elements. The lids perform this function with amazing speed 
because of their exceptionally sensitive lid innervation and 
musculature. 
The optical surface of the cornea would be sacrificed if it were 
not for the blinking process which allows the tear film to form the 
first portion of the optical system. Corneal integrity, which is 
essential for a functional second element m the optical system, Is 
maintained by the blink process. 
Also proposed occasionally is the theory that blinking allows 
for a visual rest by interrupting vision, but many believe that 
blinking occurs so quickly that it could not possibly have value m 
allowing interruption of vision. (Doane, 1980) 
RATE OF SPONTANEOUS BLINKING 
In general, the rate of spontaneous blinking remams constant if 
the external environment is constant. Why we have a constant 
spontaneous blink rate has been the topic of some debate. It has 
been suggested that blinking allows a rest period for ocular muscles 
since it momentarily mimics the upward turning of the eyes which 
occurs during sleep. This theory has been refuted, however, smce 
there is little tendency (as was believed) for the Bell's phenomenon 
to occur during normal blinking. (Doane, 1980) The upward Bell's 
motion typically occurs only with forced, full blinking. Also, some 
consider Bell's to be a conditioned reflex in response to indifferent 
sensory stimuli . 
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Many conditions may cause a change in the rate, resulting m 
increased or decreased rate, or a more sporadic rate. 
SYS1EMIC AND DISEASE FACTORS 
Systemic and ocular diseases can significantly effect the rate of 
blinking. Also, anomalies such as lid colobomas can allow for poor 
tear film coverage due to exposure. Conditions which effecting the 
tear film, such as keratoconjunctivitis sicca, blepharitis, and 
meibomianitis, often result in an increased blink rate or more 
sporadic rate. Conditions that can be responsible for dry eye include 
arthritis, systemic lupus, sarcoidosis, acne rosacea, and ocular 
pemphigoid. (Pavan-Langston, 2nd edition) 
Tear chemistry is affected when any of the sites producing the 
three layers of the tear film are secreting an excessive or deficient 
amount. Significant changes of any of the three layers can cause 
poor tear coverage, epiphora, or irritation resulting in a modified 
blink rate. 
Blinking continues m blindness and is, therefore, not 
considered to be dependent upon retinal stimulation. 
Systemic therapeutic medications which can result m dry eye 
include beta-blockers, antipsychotic medications (Thorazene, 
Mellaril), antianxiety medications (Librium, Valium), phenothiazines, 
and birth control pills. (Adler, 8th edition; Pavan-Langston, 2nd 
edition) Those agents associated with an increase in production of 
tears include nicotinic acid, fluorouracil, and bromhexine. (Adler, 8th 
edition) 
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PSYCHOLOGICAL FACTORS 
Other factors that alter the blink rate include emotional and 
mental states. For example, emotional excitement causes a 
considerable increase in the blink rate. Interest and concentration 
can decrease the rate. Subjects have been observed blinking more 
frequently when trying to see more clearly and when thinking 
rapidly, possibly to create a sharper mental Image. Psychological 
factors such as these may play a big role in rate of blinking. A rate 
change can also be observed with different activities. During 
conversation, the average blink rate increases from approximately 
15 per minute to 29.3 times per minute. Males blink at a rate of 
3.57 per minute when reading, but this rate seems to be less in 
females. (Adler, 8th edition) 
ENVIRONMENTAL FACTORS 
Environmental factors, such as air conditioning, ventilation, and 
humidity changes, can also cause changes in tear film evaporation. 
Irritation of the eyes, caused by air-borne dust, can also change 
spontaneous blinking to reflexive blinking. 
EFFECTS OF GENDER ON BLINK RA 1E 
Human blink rates have been shown to differ between males 
and females, but this phenomenon has not been explored thoroughly 
in the existing literature. Sources have described the blink rate of 
the general population as 12 or 12.55 blinks per minute (Carrney & 
Hill, 1982), but according to Moses, men have an average interval 
between blinks of 2.8 seconds (about 21 blinks per minute),and 
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women have an interval of about 4 seconds (a rate of about 15 times 
per minute). 
Although the function of spontaneous blinking is not yet well 
defined, there seems to be a definite difference in spontaneous blink 
rates of men and women. It was our original hypothesis that the 
difference was due to the differing levels of hormones (e.g., estrogen 
and/or progesterone) between the sexes. We hypothesized that 
because women have a higher level of estrogen which could 
stimulate mucous gland secretion, they would need to blink less 
frequently than males. 
Understanding why men and women blink at different rates ts 
important because these factors can be associated with gender-
related problems that may occur with contact lens wear difficulties, 
ocular changes due to the use of hormones (such as birth control pills 
or replacement estrogen therapy). 
To obtain more information about the blink rates relative to 
gender difference, three methods for acquiring information were 
considered. The first method involved comparing spontaneous blink 
rates of age-matched male and female populations. The second 
method involved daily blink rate measurements throughout the 
menstrual cycle of a female population, with concurrent basal 
temperature readings to assist in estimation of cycle phase. The 
third method involved comparing blink rates of prepubescent, pre-
and postmenopausal women with age-matched males. The study 
presented in this paper utilized the first method involving a 
comparison of the spontaneous blink rates of adult males and 
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females. The goal of this study was to determine if a reliable 
difference in male and female blink rate exists. 
SUBJECTS & METHODS 
SUBJECfS 
A total of 79 subjects volunteered for this study. Of this 
population, 17 were discarded because they used medications that 
could affect tearing, had a history of dry eye, had low tear break-up 
time (TBUT), had worn contact lens within the 24 hour period prior 
to testing, or demonstrated uncooperative behavior. The 62 subjects 
consisted of 34 males and 28 females, equally matched for age and 
TBUT. 
MALE FEMALE 
Number participating 34 28 
Average age (years) 25.30 25.75 
TBUTOD over 10 sec over 10 sec 
CL wearers 1 6 12 
ME1HODS 
An examination room with no windows in the clinic of the 
Pacific University College of Optometry building was used for this 
study. The room had constant, normal illumination. The au 
ventilation duct in the room was tightly sealed with duct tape to 
decrease air circulation in the room during the study, but the room 
remained comfortable at all times. The temperature and humidity 
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m the room were recorded after every subject; the temperature 
varied from 69° to 72°, and the humidity varied from 48% to 64%. A 
screen covered with a plain white, nonreflective bed sheet was 
placed at one end of the room; wrinkles in the sheet were allowed to 
remain in order to add texture to maintain the attention of the 
subjects. 
During testing, the subject sat in a comfortable chair five feet 
from the center of the screen. A video camera was placed at an 
oblique angle to the subjects' line of vision in an attempt to make the 
camera as unobtrusive as possible. 
The subject was brought into the room and told to sit 
comfortably in the chair, and not move excessively once testing had 
begun. Each subject was told that there would be a five minute 
"relaxation" period during which they needed to sit quietly and look 
only at the screen directly in front of them. Subjects were 
encouraged to wear their spectacle correction if they had a refractive 
error. The researcher then left the subject alone in the room and 
activated the video camera. After 5 minutes, the researcher 
returned and a tear break up time measurement was made for each 
eye. The videotape of the spontaneous blinking of the subjects was 
then analyzed by two researchers who counted blinks for each of the 
5 minutes of the testing period. Complete and partial blinks were 
counted, while twitches and forced blinks were not. The 
experimentors counted the blinks simultaneously and independently 
in order to determine which of the blinks were to be excluded from 
the final analysis. 
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RESULTS 
Blinks were counted from the video tape minute by minute for 
each subject. The mean number of blinks per minute for all males 
and females are shown on Figure 1 and Table I. The mean blink 
rates across the five minute observation period are of the same 
magnitude as those found by Moses but are reversed with respect to 
gender. Moses noted that women blink approximately 15 times per 
minute whereas males blink approximately 21 times per minute but 
the data from our subjects show exactly the opposite. 
TABLE 1 
Males Females 
Number of Subjects 34 28 
Mean Age (Standard 25.265 (4.614) 25.75 (6.065) 
Deviation) 
Mean TBUT OD 10.441 ( 1.988) 10.071 (1.829) 
OS 10.456 (1.88) 10.089 (2.253) 
Mean Blink Rate 
Minute 1 13.588 (7 .528) 21.536 (10.229) 
Minute 2 13.162 (7 .834) 19.161 (10.279) 
Minute 3 13.279 (7 .835) 19.946 (11.773) 
Minute 4 14.456 (9.494) 20.411 (14.018) 
Minute 5 15.426 (10.925) 20.339 (15.303) 
Insert figure 1 about here 
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The mean data from the males and females are significantly 
different on a minute by minute basis for minutes 1 through 4 as 
demonstrated by the Scheffe test following a ANOV A (p < 0.05 for the 
ANOVA and p < 0.10 for the Scheffe). 
Why should there have been a difference between the blink 
rates for the males and females? Anatomically there is no obvious 
difference in the eyelids or lacrimal system between male and 
female eyes. However, the difference may be due to a difference m 
physiology, possibly mediated by a hormonal effect. To investigate 
this possiblity, the blink rates of women taking estrogen containing 
birth control pills were considered separate! y from the blink rates of 
women who were not taking birth control pills. Six of the 28 females 
were using birth control pills. Their ages and tear breakup times 
were the same as for the females not taking birth control pills, yet 
the blink rates for these two groups of females were very different 
as shown on Table 2 and Figure 2 
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Table 2 
Women Currently Women Not Taking 
Taking Birth Control Birth Control Pills 
Pills 
Number of Subjects 6 28 
Mean Age (Standard 22.333 (1.033) 26.682 (6.542) 
Deviation) 
Mean TBUT OD 10.33 (2.401) 10.0 (1.704) 
OS 10.333 (2.401) 10.023 (2.265) 
Mean Blink Rate 
Minute 1 32.667 (9.626) 18.5 (8.21) 
Minute 2 29.917 (12.314) 16.227 (7 .595) 
Minute 3 33.5 (12.029) 16.25 (8.772) 
Minute 4 37.5 (16.861) 15.75 (8/874) 
Minute 5 39.667 (23.175) 15.068 (6.115) 
Insert figure 2 about here 
ANOVA and Scheffe testing showed that the blink rates were 
different for these two groups for each of the five minutes. 
Obviously, the use of birth control pills seems to have a major effect 
on blink rate. 
To determine whether the blink rates for the males differed 
significantly from the blink rates for the females not taking birth 
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control pills, these groups were compared. The results of this 
comparison are shown in Table 3 and Figure 3. 
Table 3 
All Males Females Not Taking 
Birth Control Pills 
Number of Subjects 34 22 
Mean Age (Standard 25.265 (4.614) 26.682 (6.542) 
Deviation) 
Mean TBUT OD 10.441 ( 1.988) 10.0 (1.704) 
OS 10.456 (1.88) 10.023 (2.265) 
Mean Blink Rate 
Minute 1 13.588 (7 .528) 18.5 (8.21) 
Minute 2 13.162 (7.834) 16.227 (7 .595) 
Minute 3 13.279 (7 .835) 16.25 (8.772) 
Minute 4 14.456 (9.494) 15.75 (8.874) 
Minute 5 15.426 (10.925) 15.068 (6.115) 
Insert figure 3 about here 
The blink rate difference between the two groups was 
significant only for minute one. After minute one, the blink rates 
converged until they were essentially identical during minute five. 
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DISCUSSION 
Is there a significant difference between the blink rates of 
males and females? The answer is both yes and no. In a random 
population containing a high percentage of females taking birth 
control pills, a significant difference in blink rates between males 
and females would be found. However, if the blink rates of males 
were compared to rates for females not taking birth control pills, 
there would be little difference, especially after several minutes. 
Why should the blink rate be more rapid for females taking 
birth control pills? The reason is not fully understood. One possible 
explanation is there is a difference in tear chemistry produced by the 
estrogen in the birth control pills. Estrogen is believed to affect 
mucous secreting glands and could therefore affect the mucin layer 
of the tears. This would explain why a difference in blink rates was 
observed despite there being no difference in tear breakup times 
between the subjects. 
The difference in blink rates might also be explained partially 
by psychological factors. It is possible that the females taking birth 
control pills reacted differently to the examination room than the 
females not taking birth control pills. Perhaps they were more or 
less self conscious about being taped or the emotional response to 
having to view a blank screen for five minutes was different 
between the two groups. While psychological factors might have 
affected blink rates differentially, it seems unlikely that they could 
have caused the doubling in blink rate seen in the women takirig 
birth control pills. 
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The results of this study have raised many questions. Was the 
difference between groups due to hormonal factors, and, if so, what 
other ocular functions might be affected? How does the normal 
menstrual cycle affect ocular function? What are the ramifications of 
pregnancy for blink rate, ocular health, and function? 
Future studies to investigate this possible link between blink 
rate and hormone levels are indicated. Such studies could include 
observing the blink rates of prepubescent and menopausal women 
and examining blink rates and hormone levels of women during the 
course of the menstrual cycle. Studies involoving observation of 
subjects for longer than five minutes are also indicated to further 
investigate the convergence of blink rates of women not taking birth 
control pills with those of men. 
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APPENDIX 
Future studies m which women's blink rates and hormone 
levels are monitered on a daily basis are indicated to provide further 
evidence as to the link between hormone levels and blink rate. This 
appendix was prepared to aid furture research by providing 
information about the normal hormonal variations of the menstrual 
cycle. 
It was our original hypothesis that the difference m blink 
rates between men and women was due, in part, to the differing 
levels of hormones (focusing on estrogen and progesterone). We 
also argued that women with a higher level of estrogen (which would 
stimulate mucous gland secretion) would need to blink less 
frequently than their male counterparts. If this difference in blink 
rates was, m fact, due to estrogen levels, we would also expect to see 
a cyclic rise and fall in blink rates among women that corresponded 
to the cyclic rise and fall of the hormone level in the body. In other 
words, at the point in a woman's monthly cycle when estrogen is at 
its highest level, we would expect to see a different blink rate than at 
the point in a woman's cycle when estrogen is at its lowest. In order 
to make this comparison, it is important to understand the 
fluctuation of hormones during the course of one menstrual cycle. 
FSH (follicle stimulating hormone) and LH (lutenizing hormone) 
are gonadotropins; that is they act upon the gonads. In men, FSH is 
responsible for the maintainence of the sperm-carrying tubules of 
the testes and for promotion of spermatogenesis (sperm formation). 
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LH is responsible for the production of testicular hormones by 
stimulating the Leydig, or interstitial cells, of the testes. These 
hormones include testosterone, the principle hormone responsible for 
masculinization. In women, FSH and LH stimulate the growth of the 
ovarian follicles, the synthesis of ovarian hormones (including 
estrogen and progesterone), and the induction of ovulation. The 
estrogens influence the development of female secondary sex 
characteristics. 
Over the course of one menstrual cycle, the level of ovarian 
hormones rise and fall in a predictable pattern. The increased output 
of estrogen from the ovary tends to decrease the FSH output by a 
feedback mechanism to the pituitary gland, and it also stimulates 
secretion of LH. It is the sudden peak of LH that evokes ovulation. 
Under the influence of FSH and LH, the ovarian follicle then matures 
and ruptures, releasing the egg. This ruptured follicle is converted 
into the corpus luteum that secretes both estrogen and progesterone. 
Both of these hormones work together to prepare the endometrium 
for possible implantation of the fertilized egg. Progesterone not only 
prepares the uterus for implantation and needed for maintenance of 
pregnancy, but also evokes a reduction in the ability of the uterine 
walls to contract so as to decrease the likelihood of expelling a 
fertilized egg. Progesterone also acts to inhibit further ovulation. 
If the egg is not fertilized, the corpus luteum regresses causing 
a decrease in estrogen and progesterone production. This decrease in 
hormone level is then followed by the sloughing of the endometrium 
(menstruation). Estrogen plays a key role in this process as it 
stimulates muscles to develop and contract - these contractions aid m 
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the sloughing of the endometrium during menstruation. 
Progesterone is continually being secreted by the ovaries until a few 
days before menstruation. At this point the level drops sufficiently 
to stop growth of the uterine wall causing it to break down. Oral 
contraceptives are composed of chemicals similar to progesterone 
that inhibit egg growth and release in the ovaries thereby preventing 
fertilization. 
In pregnancy, the placenta becomes the major site of 
progesterone production. Progesterone, in the form of pregnanediol, 
1s found in increasing levels during pregnancy. Likewise, an increase 
in the estrogen level is also seen during pregnancy. Urinary estrogen 
levels can be monitored to give an indication of the health of the 
fetus. A decrease in estrogen levels has been associated with an 
abnormal fetus with defective adrenals. Estrogen levels in 
bloodstream are at their highest during ovulation and after 
menstruation. 
In menopause, the ovanan follicles are exhausted and a decline 
m estrogen production results. This decrease in estrogen level leads 
to several symptoms including hot flashes, and women often show 
signs of dry eye. Estrogens are thought to regulate flow and 
thickness of mucous secretions while suppressing the activity of 
sebaceous glands. 
One study attempted to show a correlation between LH 
(lutenizing hormone), FSH (follicle stimulating hormone), estrogen 
and estradiol, progesterone and testosterone with corneal thickness 
and tear production. The researchers found the level of testosterone 
to be almost constant through out the monthly cycle. Corneal 
20 
thickness was shown to be at its thinnest just prior to ovulation 
although there was no valid statistical correlation between the 
factors studied and the levels of circulating sex hormones in the 
blood. The researchers went on to state that the results of the 
Schirmer tear testing were so variable that the only conclusion they 
could make was that it was an unreliable method of assessing tear 
production. 
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